INTRODUCTION
Cardiovascular (CV) disease is the leading cause of preventable death in the US [1] .
Hyperlipidemia is a major risk factor for CV disease, and treating elevated cholesterol has emerged as an important means to prevent CV events. For the past few decades, the target of lipid-lowering therapy has been low-density lipoprotein (LDL) cholesterol, and numerous large clinical studies in both primary and secondary prevention settings have demonstrated a significant reduction in CV events in patients treated with statin therapy [2] [3] [4] . A meta-analysis of data from 170,000 patients in 26 randomized studies reported that for every 38.7 mg/dL (1 mmol/L) reduction in LDL cholesterol, major vascular events were reduced by 22% over a 5-year period compared with placebo [4] .
Statins have now become the established drug of choice to lower LDL cholesterol [5] [6] [7] . Despite the benefits seen with statin therapy, some patients, even if they achieve low LDL cholesterol levels, remain at high residual CV risk, especially if levels of triglycerides (TG) are elevated or high-density lipoprotein (HDL) cholesterol levels low [8, 9] . In the recent
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Efficacy International Trial (IMPROVE-IT), one-third of patients randomized to a combination of simvastatin and ezetimibe suffered a major CV event after a median follow-up of 6 years. This was despite achieving a low LDL cholesterol level of 54 mg/dL with combination lipid-lowering therapy [10] . The high residual CV risk in patients treated with statin therapy who achieve low levels of LDL cholesterol may be due to other risk factors beyond LDL cholesterol, including elevated TG, low levels of HDL cholesterol, or the presence of other non-lipid risk factors such as diabetes, metabolic syndrome, uncontrolled hypertension, or cigarette smoking.
Evidence from genetic and observational studies has linked high TG levels to an increased risk of CV events. Guidelines from several national and international medical organizations provide recommendations for the management and treatment of high and very high TG levels, and in addition to lifestyle changes, these guidelines recommend the use of fibrates, niacin, or high dose omega-3 fatty acids to lower TG when the levels are very high [5, 6, [11] [12] [13] [14] .
However, many physicians are not familiar with the clinical practice guidelines for the management of hypertriglyceridemia [15] .
Furthermore, citing a lack of effectiveness in CV outcome trials, the Food and Drug Administration (FDA) recently withdrew approval for extended-release niacin and certain fenofibric acid formulations when prescribed in addition to statins to treat high cholesterol [16] . Because many patients with high TG are also on statins, this may lead to less use of these medications and an increased use of high-dose omega-3 fatty acids to treat very high TG. For this reason, it is important for clinicians to be familiar with the clinical practice guidelines for the management of hypertriglyceridemia, and this review focuses on these clinical guidelines and the role of prescription omega-3 fatty acids in preventing pancreatitis and CV disease in individuals with high and very high TG levels.
This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors.
Prevalence of hypertriglyceridemia
Hypertriglyceridemia is increasingly common in the US. An analysis of data from the National Health and Nutrition Examination Survey (NHANES) has revealed that the age-adjusted mean LDL-C has fallen significantly over the past few decades, which is most likely related to the increased use of statins [17] . In contrast, over the same time period, there was a significant increase in TG levels [17] . This is likely related to the rise in obesity also seen during the same period [18] .
According to the most recent guidelines from the American Heart Association (AHA), TG levels are considered normal if they are \150 mg/L, borderline high if they are 150-199 mg/dL, high if they are 200-499 mg/dL, and very high if they are C500 mg/dL [11] . Data from NHANES show that from 2001 to 2006 32% of the US adult population had a TG level C150 mg/dL. Overall, 14% had borderline-high TG levels, 16% had high TG levels, and approximately 2% had very high TG levels [19] . Based on current estimates of the US adult population, this corresponds to over 34 million individuals with borderline-high TG levels, over 39 million individuals with high TG levels, and over 4 million individuals with very high TG levels. NHANES data also show a difference in the prevalence of hypertriglyceridemia (defined as TG levels C150 mg/dL) between men and women (29% and 22%, respectively) and also between age groups [20] . The prevalence of hypertriglyceridemia in women increases steadily with age (15% in those aged 20-39 years, 23% in those aged 40-59 years, and 32% in those aged C60 years), while the prevalence of hypertriglyceridemia in men increases up to middle age and then appears to decrease (25% in those aged 20-39 years, 35% in those aged 40-59 years, and 25% in those aged C60 years) [20] . There is also a difference in the prevalence of hypertriglyceridemia among ethnicities. The most recent NHANES data reveal that Mexican Americans have a higher prevalence of hypertriglyceridemia compared with non-Hispanic whites or non-Hispanic blacks [20] . This may be due to genetic reasons. For example, it has been found that levels of lipoprotein lipase, an enzyme involved in the hydrolysis of TG from chylomicrons, and very-low-density lipoprotein (VLDL) cholesterol are much higher in African Americans than whites; this results in lower levels of TG in African American patients [21] . Conversely, Asian Indians tend to have high TG levels, which are thought to be due to a mutation in the APOC3 gene, resulting in reduced clearance of TG from the plasma [22] . [23] , and between 40% and 60% of patients with chronic kidney disease have TG levels C200 mg/dL [23] . Furthermore, patients with nephrotic syndrome and those on peritoneal dialysis have higher TG levels compared with those patients without nephrotic syndrome or on hemodialysis [24] .
Hypertriglyceridemia and the risk of pancreatitis
Acute pancreatitis is a well-established complication of hypertriglyceridemia but may not be diagnosed in a timely manner as other conditions can cause similar symptoms . If not  appropriately  diagnosed  and  managed,   pancreatitis  can  result  in  repeated hospitalizations and significant physical, psychological, and financial burden [25, 26] .
Hypertriglyceridemia is the third most common cause of pancreatitis after alcohol and gallstones and is found to be the cause of pancreatitis in up to 4% of cases. It has been reported that the incidence of pancreatitis is increasing, perhaps due to changes in diet and lifestyle [25] . The risk of acute pancreatitis increases in a direct relationship to the level of TG. In a retrospective cohort study, after adjusting for covariates and excluding patients with other causes for pancreatitis, the risk of acute pancreatitis increased by 4% for every 100 mg/dL increase in TG [27] . Among patients with severe hypertriglyceridemia, the risk of pancreatitis is high. In another retrospective study, 20% of patients with severe hypertriglyceridemia (defined as TG levels [1000 mg/dL) experienced at least one attack of acute pancreatitis [28] . As TG levels fall rapidly within the first few days of presentation of acute pancreatitis, it is important to measure TG levels upon admission in any patient with acute pancreatitis to avoid missing hypertriglyceridemia as the cause. In addition, mild to moderate hypertriglyceridemia may occur in pancreatitis due to other causes [29] .
In general, acute pancreatitis due to hypertriglyceridemia typically occurs when TG levels are [1000 mg/dL [13, 25] .
Although the exact role of hypertriglyceridemia in the etiology of pancreatitis is not fully known, it is thought that the associated increase of chylomicrons causes hyperviscosity, which can lead to ischemia and acidosis in pancreatic capillaries. This in turn causes release of pancreatic lipases, increased lipolysis, and the release of toxic free fatty acids, which cause cytotoxic injury, inflammation, and eventually pancreatitis [26, 31] . These particles are too large to penetrate the intima of the arterial wall and so are not usually associated with an increased risk of CV disease.
However, these patients are at risk of acute pancreatitis. In contrast, in patients with elevated TG levels \1000 mg/dL, the predominant particle in the circulation is VLDL. Incomplete lipolysis of VLDL leads to the formation of remnant particles, which are small enough to penetrate the intima, leading to injury, inflammation, and atherosclerosis. These TG-rich remnant particles, in addition to carrying TG, carry a large amount of cholesterol. Unlike cholesterol, most cells easily degrade TG, and it is the cholesterol in these particles that is the likely cause of atherosclerosis. Because these particles carry more cholesterol than LDL particles, they are particularly atherogenic. Once trapped within the intimal surface, TG-rich remnants can be taken up directly by macrophages, leading to the formation of foam cells ( Fig. 1 ) [36] . In addition to the direct effects that TG-rich remnants have on the arterial intima, there may be other indirect mechanisms by which these remnant particles cause atherosclerosis [37] .
Treating hypertriglyceridemia
The AHA, National Lipid Association (NLA), Endocrine Society (ES), and the ESC (European Society of Cardiology) and EAS (European Atherosclerosis Society) have all developed guidelines for the classification and treatment of hypertriglyceridemia (Table 1) [5, 6, [11] [12] [13] [14] .
Although the most recent ACC/AHA cholesterol guidelines do not provide specific recommendations for the treatment of hypertriglyceridemia, they do recommend following the earlier published AHA scientific statement on the treatment of hypertriglyceridemia [7] . The AHA [11] has defined an optimal fasting TG level as \100 mg/dL. For individuals with fasting TG levels of \150 mg/dL or a nonfasting level of Treating very high TG levels ( ‡500 mg/dL)
The AHA [11] and NLA [5] define very high TG as C500 mg/dL, whereas the ES [12] [41] . For this reason, both the AHA [11] and NLA [5] have chosen a lower threshold than the ES [12] or the ESC and EAS [13, 14] at which to target TG to [35] . TG-rich remnant lipoproteins, similar to LDL cholesterol, are small enough to enter the arterial intima where they can be directly taken up by macrophages, leading to local injury, inflammation, and atherosclerosis. Chylomicrons are too large to enter the arterial intima and hence do not usually lead to atherosclerosis. FFA free fatty acid, LDL low-density lipoprotein, LPL lipoprotein lipase [6] .
Once the TGs fall to \500 mg/dL, dietary fat can be gradually advanced as tolerated. In addition to lifestyle intervention, both the AHA [11] and the NLA [5, 6] recommend TG-lowering medications when the TG levels are C500 mg/dL. The NLA recommends that when TG levels are C1000 mg/dL an agent that primarily lowers TG such as prescription omega-3 fatty acids and fibrates be used as first-line therapy; however, in patients with TG levels of 500-999 mg/dL, if there is no history of pancreatitis a statin may also be considered as first-line therapy. This is because statins have a modest effect on lowering TG. Ezetimibe has only a limited TG-lowering effect, lowering TG by about 5-10%, whereas bile acid sequestrants can increase TG levels [5, 10] The recent ESC and EAS guidelines [14] recommend, along with dietary intervention, pharmacological therapy to prevent pancreatitis when the TG levels are severely elevated (C880 mg/dL). Similar to the ES recommendations [12] , a fibrate is the drug of first choice; however, the ESC and EAS also recommend that in patients with severe hypertriglyceridemia, high-dose omega-3 fatty acids or niacin be initiated along with fibrate therapy [14] .
The goal of therapy is to lower the TG to levels at which the risk of pancreatitis is low.
The AHA and the ESC and EAS do not recommend a specific target for TG reduction, while the ES recommends a treatment goal for TG levels of \1000 mg/dL and the NLA a treatment goal of \500 mg/dL. However, there may be additional clinical benefit in lowering TG closer to the normal range. In a large retrospective cohort study of 41,210 adults with very high TG levels (C500 mg/dL), the larger the TG reduction, the greater the clinical benefit.
In an average follow-up of approximately 90 days, 79% of patients experienced a reduction in their TG levels to \500 mg/dL and 25% achieved TG levels \200 mg/dL. The use of TG-lowering therapy was significantly greater in those patients who achieved TG levels \200 mg/dL compared to those with higher TG levels in follow-up. Those patients who had a follow-up TG level of \200 mg/dL demonstrated the greatest reduction in the risk of pancreatitis [44] . This study suggests that in patients with very high TG levels the greatest clinical benefit occurs when the TG levels are lowered to an almost normal level. However, it should be noted that groups who would benefit from moderate to high dose statin therapy [7] . If an individual with very high TG falls into one of these patient groups, once the TG are lowered consideration should be given to adding a statin to their TG-lowering therapy.
Although most TG-lowering drugs are well tolerated in combination with a statin, it should be noted that gemfibrozil is contraindicated in combination with statins because of the increased risk of serious myopathy [5, 11] . If the TG levels fall to a normal or borderline level with lifestyle changes and combination lipid-lowering therapy, consideration may be given to discontinuing the non-statin TG-lowering medication. However, the TG levels will need to be monitored closely for any rise in the TG levels. Although the ACC/ AHA guidelines no longer recommend target lipid goals, both the NLA [5] , the ES [12] , and the ESC and EAS [14] advocate for the use of target lipid goals in clinical practice. Based on an individual's CV risk the NLA recommends both non-HDL and LDL cholesterol be the primary targets of therapy, while the ESC and EAS recommend LDL cholesterol as the primary target of therapy and non-HDL cholesterol and apoliprotein B levels as secondary targets. The ES recommends for individuals with severe hypertriglyceridemia the treatment goal be non-HDL cholesterol. Non-HDL cholesterol is total cholesterol minus HDL cholesterol and takes into account not only the cholesterol carried by LDL, but also IDL, VLDL, and VLDL remnants. Epidemiologic studies have shown that non-HDL cholesterol is a better predictor of CV risk than is LDL cholesterol [45] , especially when the on-treatment values are discordant [46] .
Treating high TG levels (200-499 mg/dL)
Unlike very high TG levels, individuals with high TG levels (200-499 mg/dL) are not at risk for pancreatitis but may be at risk for CV disease. All of the guidelines recommend lifestyle changes as first-line therapy for individuals with high TG levels including diet, weight loss, reduced alcohol consumption, and increased physical activity [5, 6, [11] [12] [13] [14] . In contrast to the strict restriction of dietary fat for individuals with very high TG levels, individuals with high TG levels should be recommended a diet low in sugar and refined carbohydrates. Even small changes to a patient's diet can have clinically significant effects on TG levels. Eliminating trans fatty acids, such as those found in margarine and bakery products, restricting sugar, refined carbohydrates, and alcohol, and increasing unsaturated fats and marine-based omega-3 products have the potential to reduce TG levels by around 10-20% [5, 6, 11] . Weight loss can also have a beneficial effect on all lipids and lipoproteins. A 20% decrease in TG can be achieved with a 5-10% reduction in body weight [5, 6, 11] . An increase in physical activity can aid weight loss and reduce TG, especially in those who exercise at least moderately [11] . It is important to note that reductions in TG through changes in diet and lifestyle are additive, so it is possible for individuals to achieve significant reductions in TG if all recommendations are implemented [10] . [49], gemfibrozil significantly reduced the incidence of CV events compared with placebo in the overall study population. In both studies, the subgroups of patients with elevated TG levels showed greater CV risk reduction than the general study population [50, 51] . In contrast to these studies, there was no improvement in CV outcomes in two large CV disease prevention studies in patients with diabetes: the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) trial, [52] which compared fenofibrate with placebo, and the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial [53] , which compared fenofibrate plus simvastatin with simvastatin alone. However, in patients with baseline TG [204 mg/dL and low HDL cholesterol, a 27% risk reduction (p = 0.005) was seen in FIELD [54] , and a 31% reduction in CV events (p = 0.057) was seen in ACCORD [53] . As with the fenofibrate studies, in the Atherothrombosis
Intervention in Metabolic syndrome with low HDL/high triglycerides: Impact on Global Health outcomes (AIM-HIGH) study, extended-release niacin in combination with a statin failed to reduce CV events in high-risk men and women [55] . In the Heart Protection Study 2-Treatment of HDL to Reduce the Incidence of Vascular Events (HPS2-THRIVE) trial extended-release niacin and laropiprant when added to a statin did not significantly reduce major CV events in patients with atherosclerotic vascular disease, but increased the risk of bleeding, infection, worsening diabetic control, and other adverse events associated with the gastrointestinal and musculoskeletal systems [56] . However, in the subgroup of patients in AIM-HIGH with baseline TG [200 mg/dL and HDL cholesterol \32 mg/dL, a significant reduction in CV events was demonstrated [57] . With regard to omega-3 fatty acids, the Japanese Eicosapentaenoic Acid (EPA) Lipid Intervention Study (JELIS) demonstrated a 19% reduction in major CV events in the EPA group compared with the statin-alone group [58] ; however, in patients with elevated TG and low HDL cholesterol at baseline an even greater CV risk reduction was seen. EPA treatment lowered the risk of a major cardiac event by 53% in those patients with elevated TG and low HDL cholesterol compared to the statin-alone group [59] . Taken together, the evidence from these subanalyses in patients with elevated TG suggests that lowering TG may lead to favorable CV outcomes. As we await the results of these trials, individuals with high TG levels between 200
and 499 mg/dL should be treated with lifestyle intervention and should be considered for statin therapy based on current cholesterol guidelines and their CV risk. The NLA recommends that for patients whose TG levels remain high despite statin therapy, the clinician should consider a TG-lowering drug such as a fibrate or high-dose omega-3 fatty acids based on their CV risk and their non-HDL cholesterol goal [5, 6] .
Treating borderline high TG levels (150-199 mg/dL)
For individuals with borderline high TG levels, pharmacotherapy is not recommended to lower TG but rather therapeutic lifestyle changes remain the focus of treatment to help lower TG levels [5, 11] . As with patients with high TG levels a diet low in sugar and refined carbohydrates, weight loss, and exercise will likely bring the TG levels to the normal or optimal range.
The use of omega-3 fatty acid preparations to lower TG levels Omega-3 fatty acids are available in the form of prescription drugs or non-prescription dietary supplements and lower fasting and postprandial TG levels in a dose-dependent manner [11] .
Prescription omega-3 fatty acids are more potent and more effective than non-prescription supplements and are the preferred choice for lowering very high TG [62] . The prescription omega-3 fatty acids that are currently approved in the US to treat patients with very high TG levels (C500 mg/ dL) are primarily available as EPA alone or in combination with docosahexaenoic acid (DHA)
The mechanism by which omega-3 fatty acids lower TG is multifactorial and is thought to involve decreased hepatic lipogenesis, increased b-oxidation of fatty acids, inhibition of key enzymes involved in hepatic TG synthesis, and increased expression of lipoprotein lipase [67] [68] [69] [70] [71] [72] . Together with their TG-lowering effects, omega-3 fatty acids are also thought to have anti-arrhythmic [73] , anti-thrombotic, anti-atherosclerotic [74] , and anti-inflammatory effects [75] , as well as promoting improvements in endothelial function [76] and lowering blood pressure [77] . All of these effects may contribute to the CV benefits associated with omega-3 fatty acids.
There HDL cholesterol but EPA did not when compared with placebo [78] . Omega-3 fatty acids also reduce apolipoprotein C3, a key contributor to the development of hypertriglyceridemia and the progression of atherosclerosis and CV disease [79] .
Effects of omega-3 fatty acids on TG, LDL cholesterol, and other lipoproteins Table 2 summarizes data from clinical studies investigating the effect of each of the three prescription omega-3 fatty acid formulations on TG, LDL cholesterol, and HDL cholesterol in patients with hypertriglyceridemia. However, it should be noted that there is a lack of patients and the other with 41 patients) the mean baseline TG levels were 877 and 801 mg/ dL, respectively [80, 81] . In the third larger study, 256 patients with lower levels of TG were enrolled. In these patients with high TG levels between 200 and 500 mg/dL, the mean baseline TG level was 282 mg/dL [82] . In all three studies, OM3EE significantly reduced TG levels compared with baseline (p B 0.001), with reductions that ranged from 28% to 45%. The higher the baseline TG level, the greater the reduction in TG levels seen [80] . OM3EE also produced significant increases in HDL cholesterol over the course of the studies, ranging from a 4% to 13% increase (p B 0.023). OM3EE treatment was also associated with significant increases in LDL-C cholesterol from 3% to 32% (p B 0.013), which correlated with the decrease in TG levels.
However, the increase in LDL cholesterol was attenuated when OM3EEs were given along with statin therapy. with IPE 2 g/day and 33% with 4 g/day (p B 0.005). IPE 4 g/day also produced a non-significant placebo-corrected reduction in LDL cholesterol and HDL cholesterol of 2 and 4%, respectively. IPE 2 g/day produced non-significant placebo-corrected increases in LDL cholesterol and HDL cholesterol of 5 and 2%, respectively. In the ANCHOR study the effects of IPE 2 and 4 g/day were evaluated in patients with high TG levels C200 and \500 mg/dL. In this study of 663 patients the mean baseline TG levels were 254 mg/dL in the IPE 2 g/day group and 265 mg/dL in the IPE 4 g/day group [84]. IPE 2 g/day and 4 g/day significantly reduced placebo-corrected TG levels by 10% and 22%, respectively (p\0.001). IPE 4 g/day also produced significant (p\0.01) placebo-corrected reductions in LDL cholesterol and HDL cholesterol of 6% and 5%, respectively. IPE 2 g/day produced placebo-corrected reductions in LDL cholesterol of 4% and HDL cholesterol of 2%; however, these changes were not statistically significant. The researchers also found that there were high levels of oxidation in the fish oils, with the majority exceeding the recommended levels of oxidation markers, which may explain the gastrointestinal side effects commonly seen with these over-the-counter supplements.
CONCLUSION
It is estimated that 77 million adults in the US are at risk of CV disease and pancreatitis because of elevated TG levels. When TG levels are [1000 mg/dL, the predominant particles carrying TG are large chylomicrons, which are believed to cause hyperviscosity, leading to ischemia and acidosis in pancreatic capillaries, and ultimately pancreatitis. In contrast, when TG levels are \1000 mg/dL, the predominant particles carrying TG are VLDL, which are small enough to penetrate the intima, leading to injury, inflammation, and atherosclerosis [34] .
In individuals with high TG levels between 200 and 499 mg/dL the primary focus for treatment is lifestyle intervention, with diet and exercise [5, 10] . Statins may be considered for these patients based on current cholesterol guidelines [5, 6] . For patients on a statin who have persistently high TG levels despite lifestyle interventions, additional TG-lowering therapy with prescription omega 3 fatty acids, fibrates, or niacin may be considered on an individual basis. When TG levels are C500 mg/dL, and especially when they are C1000 mg/dL, the primary treatment strategy is to reduce TG levels with a TG-lowering drug to reduce the risk of pancreatitis [5, 10, 12, 13] . High-dose prescription omega-3 fatty acids have been shown to reduce TG levels by up to 50% [10] .
The three prescription omega-3 fatty acid formulations currently approved in the US differ in their content of EPA and DHA. Those formulations high in DHA provide greater TG-lowering effects, while those higher in EPA provided a modest lowering of LDL-C. The results of two ongoing, large-scale outcomes studies are awaited to confirm the effect of prescription omega-3 fatty acids on reducing CV events.
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